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On 6 June 2019, the Norwegian Institute of Public
Health was notified of more thans5o cases of gastro-
enteritis in Askgy. A reservoir in a water supply sys-
tem was suspected as the source of the outbreak
because of the acute onset and geographical distri-
bution of cases. We investigated the outbreak to con-
firm the source, extent of the outbreak and effect of
control measures. A case was defined as a person in
a household served by Water Supply System A (WSS-
A) who had gastroenteritis for more than 24 h between
1 and 19 June 2019. We conducted pilot interviews, a
telephone survey and an SMS-based cohort study of
residents served by WSS-A. System information of
WSS-A was collected. Whole genome sequencing on
human and environmental isolates was performed.
Among 6,108 individuals, 1,573 fulfilled the case defi-
nition. Residents served by the reservoir had a 4.6x
higher risk of illness than others. Campylobacter
jejuni isolated from cases (n=24) and water samples
(n=4) had identical core genome MLST profiles.
Contamination through cracks in the reservoir most
probably occurred during heavy rainfall. Water supply
systems are susceptible to contamination, particularly
to certain weather conditions. This highlights the
importance of water safety planning and risk-based
surveillance to mitigate risks.

Background

Campylobacteriosis is a common cause of bacterial
diarrhoeal illness worldwide [1] and Campylobacter
jejuni is the most common species in human infections
[2]. Patients typically experience self-limiting diarrhoeal
illness lasting 5 to 7 days [2]. Immunocompromised and
elderly patients are at highest risk for prolonged illness
and death [2]. Faecal-oral transmission to humans can
occur through consumption of contaminated food and
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water, contact with animals and person-to-person con-
tact [3]. In Norway, outbreaks of campylobacteriosis
have been associated with consumption of untreated
or contaminated drinking water, unpasteurised milk,
mutton, contact with farm animals and with butcher-
ing, preparation and consumption of poultry [4-6].

Despite advances in water management and sanita-
tion in high-income countries, waterborne outbreaks
still occur and may acutely infect many people simul-
taneously [7]. Several waterborne outbreaks have been
caused by contamination of the raw water source and
inadequate hygienic barriers in the treatment process
[8,9]. Updated regulations have improved safety at the
treatment stage with a multiple-barrier approach in
many water supply systems [10,11]. However, the dis-
tribution network is increasingly being identified as
at risk for contamination through pipe breaks, cross
connections and wastewater intrusion between the
water treatment plant and the households [5,10,12,13].
Campylobacteriosis is the most commonly reported
gastrointestinal disease in humans in Europe [14]. In
Norway, waterborne outbreaks are detected every year
[15,16], including two large waterborne outbreaks with
more than 1,000 cases in the past 20 years. In 2004, an
outbreak of giardiasis caused 1,300 confirmed cases
and affected an estimated 6,000 residents in Bergen
[17] and in 2007, an outbreak of campylobacteriosis
associated with contaminated drinking water in Rgros
caused 1,500 cases [5].

Outbreak detection

On the evening of 6 June 2019, the Medical Officer in
Askgy reported an outbreak of gastroenteritis to the
NIPH. In a 24 h period, 10 people had been hospital-
ised with fever, abdominal pain and diarrhoea, and ca
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FIGURE 1

Water supply zones of water supply system WSS-A defined
by different reservoirs, Askoy, Norway, 2019

Zones 6, 7 and 8 were served by Reservoir X.

30 individuals had sought medical attention from out-
of-hours primary healthcare services (OPHS). At least
one person had tested positive for Campylobacter. Staff
of the OPHS noted that many patients presenting with
gastroenteritis had home addresses near each other,
which led to a suspicion that drinking water could be
the source of the outbreak. A joint investigation was
carried out by the municipal services, the Norwegian
Food Safety Authority and the Norwegian Institute
of Public Health (NIPH), with the aim to confirm the
source, extent of the outbreak and effect of control
measures.

Methods

Outbreak context

The 29,500 inhabitants of the island municipality
Askgy receive water from three different water supply
systems, of which the largest, Water Supply System
A (WSS-A) from the 1950s, serves ca 12,000 people
in the south of the island. WSS-A has nine reservoirs,
including three built as unlined mountain caverns. Its
Reservoir X was early on suspected to be the source of
the outbreak because of the geographical distribution
of cases that clustered in two areas.

Epidemiological investigations

Outbreak monitoring

In order to determine the extent of the outbreak, we
collected data on in-person and telephone consulta-
tions with the International Classification of Primary

Care (ICPC-2) codes for diarrhoea (D11), gastrointestinal
infection (D70) and gastroenteritis (D73) that occurred
at the OPHS and general practitioners’ (GP) offices
in Askgy between 3 June and 15 June. We mapped all
consultations by household address and water supply
zone.

Several of the initial cases with  con-
firmed Campylobacter infections were interviewed
using a standardised 19-page trawling questionnaire in
order to exclude possible exposures other than drink-
ing water. The questionnaire included detailed ques-
tions about food consumption and purchases, animal
contact and environmental exposures in the week
before the onset of symptoms, as well as clinical and
demographical information.

Survey of childcare centres

In order to rapidly ascertain the start and geographi-
cal areas of the outbreak, we contacted all childcare
centres in the municipality on 11 and 12 June to docu-
ment absence for illness. As children normally attend
childcare centres close to their homes, it was likely
that the household and childcare centre water sup-
ply zones would be the same. For the childcare centre
survey, a case was defined as any person absent from
the childcare centre (child or employee) because of the
symptoms diarrhoea or vomiting between 28 May and
7 June. We then mapped the childcare centres by water
supply zones served by the different reservoirs and
compared the attack rates in childcare centres served
by Reservoir X against those served by other reservoirs.

Cohort study of households

We included all residents who received water from
WSS-A in a retrospective cohort study, and identified
eight different water supply zones (Figure 1).

People in households that partially or exclusively
received water from Reservoir X were defined as
exposed. We defined a case as a person with gastro-
enteritis (defined as having symptoms of (i) diarrhoea
only or (i) vomiting and at least one of the following:
abdominal distention, fever, stomach pain or nausea,
with duration of illnessof more than 24 h), with symp-
tom onset between 1 and 19 June 2019.

We sent all households served by WSS-A an SMS with
a link to our questionnaire on 13 June 2019 and posted
the link on the municipality’s website. We requested
that one person should respond on behalf of all house-
hold members. We asked about household illness,
clinical presentation, tap water consumption and
whether the household had received and followed the
boil water advisory (BWA). The survey was closed on
20 June.

We used R version 3.6.0 (2019-04-26) for statistical
analyses.
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FIGURE 2

Number of gastroenteritis consultations (including telephone consultations) at OPHS and GP offices, Askoy, Norway, 3-14

June 2019 (n = 1,056) and timeline of action points
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Microbiological investigations

The primary diagnostic laboratory
sent Campylobacter isolates from patients to the
National Reference Laboratory for Enteropathogenic
Bacteria (NRL) for confirmation and genotyping.

We extracted DNA on MagNAPure 96 (Roche Molecular
Systems Inc., Pleasanton, United States (US)) and
used KAPA HyperPlus (Kapa Biosystems, Wilmington,
US) for library preparation and Agencourt AMPure XP
(Beckmann Coulter Life Sciences, Indianapolis, US) for
removal of adaptor dimers. Whole genome sequencing
was performed as paired-end (250 bp x 2) sequencing
on the MiSeq platform (Illumina Inc., San Diego, US)
aiming for coverage of> sox. Quality control of the raw
reads was done through FastQC.

We used SeqgSphere+software, version 5.1
(Ridom GmbH, Miinster, Germany) for analysis.
Briefly, multilocus sequence typing (MLST) of
the Campylobacter isolates was performed using
the seven-gene scheme developed by Keith Jolly
at PubMLST [18]. Core genome MLST was per-
formed using SeqgSphere+integrated scheme
for Campylobacter of 637 core and 958 accessory
genome targets modified from Cody et al. [19,20].
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GP: general practitioner; OPHS: out-of-hours primary healthcare services.

According to the routine sampling and analysis plan for
WSS-A, water samples are collected and tested for fae-
cal indicator bacteria: weekly for Escherichia coli and
coliform bacteria and for heterotrophic plate count,
and monthly for intestinal enterococci and Clostridium
perfringens, according to standard methods described
in the national drinking water legislation [21].

After the outbreak was detected, we started extra sam-
pling of the water in WSS-A and analysed it for faecal
indicator bacteria at an accredited laboratory using
standard methods. On 6 June, we also took water sam-
ples from Reservoir X and several other points along
the distribution system and immediately analysed it
for Campylobacter using semiquantitative and quanti-
tative determination in foods and drinking water (NMKL
119, 3.Ed., 2007) with pre-incubation on enrichment
broth of filtered sample followed by plating on a selec-
tive medium [22]. The presence of Campylobacter was
confirmed by phase contrast microscopy.

Environmental investigations

We reviewed operational system information and his-
torical data from WSS-A, including results from drinking
water routine monitoring schemes before the outbreak.
We assessed critical points and possible sources of
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FIGURE 3

Estimated incidence rates for gastroenteritis consultations
linked to reservoir supply zones, Askoy, Norway, 6 June
2019
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IR: incidence rate.

The three zones with IR » 1 are the ones served by Reservoir X.

contamination (including system failures and unusual
events) through interviews of WSS-A staff and visual
inspections of selected areas of WSS-A, including
Reservoir X. Local rainfall was assessed using data
from the national meteorological website (www.yr.no).

Ethical statement

Approval by a regional committee for medical research
was not needed as the NIPH is authorised to access
and use personal identifiable information for commu-
nicable disease outbreak investigations in the public
interest. All persons invited to the pilot interviews and
childcare centres study provided oral consent to be a
part of the study. They were informed that they could
withdraw at any time during the study and that their
data would be deleted. The SMS questionnaires were
distributed by Askgy municipality and personal identi-
fiers were not a part of the dataset.

Results
Epidemiological investigation

Outbreak monitoring and timeline of action points

A BWA was issued when the outbreak was detected on
6 June. Reservoir X was taken out of service on 7 June
and inspected on 9 June by representatives from Askagy
municipality and NIPH. The pilot interviews and child-
care centre survey were conducted on 11 June, and the
SMS-based cohort study started on 13 June.

Data collected at the OPHS and GP offices revealed a
sharp increase in the number of consultations for gas-
troenteritis (from 12 to 182 consultations) on Thursday
6 June (Figure 2). The consultations were evenly distrib-
uted among all age groups, although in-person consul-
tations were primarily for children.

The gastroenteritis patients’ residences were geo-
graphically concentrated in two areas of the munici-
pality, which coincide with three water supply zones
served by Reservoir X. These zones had higher inci-
dence rates (IR) for consultations than other supply
zones in WSS-A at the time of the outbreak detection
(Figure 3).

Pilot interviews with confirmed cases

We interviewed five of the first cases with con-
firmed Campylobacter infection. They reported
diarrhoea, stomach pain and fever with onset on 4 June
(n=1) or5 June (n=4). They lived in areas that received
drinking water from WSS-A and had consumed tap
water at home or used tap water for brushing teeth
in the week before symptom onset. Other reported
exposures, such as attendance at common dinners
or events, consumption of food items, contact with
animals or recreational water exposure, were not
common to all five cases.

Survey of childcare centres

All 27 childcare centres in the municipality participated
in the study; eight (with 769 children and employees)
were in areas supplied by Reservoir X and 19 (with
1,761 children and employees) were in areas supplied
by other reservoirs. The overall attack rate was 20%
for the childcare centres in affected areas and 2% for
the childcare centres in unaffected areas. Absences
started to increase at the childcare centres in affected
areas on Monday 3 June (n=26) and peaked on Friday
7 June with 81 absences (11%).

Cohort study of households

The SMS with the questionnaire was sent to 4,409
persons with mobile phone numbers registered to resi-
dences in the supply area of WSS-A. Data from 6,192
individuals were reported through the online question-
naire, of whom 1,913 reported illness. We excluded
data for 79 household members who reported onset of
illness before 1 June and for five who reported onset
of illness after 19 June. After this exclusion, data were
available from 2,526 persons who responded on behalf
of 6,108 household members, which yields a coverage
of 51% (6,108/11,995) of the residents supplied by WSS-
A. Mean age of the included household members was
34 years (range: o to 93 years) and 50% were female.

A total of 1,829 persons reported at least one of the fol-
lowing symptoms: diarrhoea (n = 1,626; 89%), abdom-
inal pain (n =1,347; 74%), headache (n = 959; 52%),
nausea (n = 935; 51%), fever (n = 868, 48%), abdominal
distention (n = 639; 35%), vomiting (n = 286; 16%) and
bloody stool (n = 113; 6%). In total, 1,573 respondents
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FIGURE 4

Distribution of cases by date of symptom onset, Askoy, Norway, 1-19 June 2019 (n = 1,573)
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Most respondents sent their response on 13 June, numbers after this date may be uncertain.

met the case definition, leading to an attack rate of
26%. The number of cases by date of symptom onset
peaked on 6 June and decreased gradually thereafter
(Figure 4). The mean duration of symptoms was 4.6
days (range: 2—16 days).

Residents who were supplied from Reservoir X had a
4.6x higher risk of illness than residents served by
other reservoirs in WSS-A (Table 1).

Among residents supplied by Reservoir X, the risk of
illness increased with the amount of daily consumption
of tap water (p value<o.001) (Table 2).

Regarding the notification of BWA via SMS, 88% of
households (2,223 of 2,526) reported that they had
received an SMS with the BWA, while 179 (7%) did not
receive the BWA and 124 (5%) were unsure.

A total of 2,384 households reported having complied
with the BWA (compliance rate: 95%: 2,384/2,526).
Reasons for non-compliance were reported by 142
of the households; the main reasons were purchas-
ing bottled water (n = 76), considering that the risk of
becoming ill was low (n = 9) and drinking little or no
tap water (n = 4). For the remaining 53 households, rea-
sons for non-compliance to the BWA were not reported.

www.eurosurveillance.org

Microbiological investigation

Analysis of Campylobacter

The Norwegian Surveillance System for Communicable
Diseases (MSIS) registered 181 laboratory-confirmed
cases of campylobacteriosis linked to this outbreak.
The NIPH received 24 isolates of C. jejuni from persons
served by Reservoir X. All isolates were sequence-typed
as STi701, which is part of the clonal complex ST-45,
and all had identical cgMLST profiles, cluster type 97
(o allelic differences). Two representative sequences
have been submitted to the European Nucleotide
Archive (ENA) (ERS4574581, ERS4574582). When com-
paring publicly available STi7o1 C. jejuni sequences
to the outbreak strain, we did not observe any close
genetic relationships, although poultry or birds were
identified as a possible source.

Analysis of water

In the 3 years before 3 June 2019, the routine monitor-
ing programme for WSS-A did not detect any faecal
indicator bacteria in WSS-A or in Reservoir X, except
for occasional findings of coliform bacteria. The sam-
ples collected during routine monitoring for WSS-A on
3 June were also negative for faecal indicator bacteria,
including samples located near Reservoir X.
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TABLE 1

Estimated attack rates and risk ratio for areas supplied by Reservoir X and other areas, gastrointestinal illness, Askay,
Norway, 2019 (n = 6,108)

Reservoir Households Individuals Cases Attack rate Risk ratio (95% confidence interval)
Other reservoirs in WSS-A (zones 1-5) 1,653 4,098 481 12% Reference

Reservoir X (zones 6-8) 873 2,010 1,092 54% 4.6 (4.2-5.0)
TABLE 2

Risk of gastrointestinal illness by consumption of tap water, Askoy, Norway, 2019 (n = 6,108)

Daily tap water consumption Individuals Attack rate Risk ratio (95% confidence interval)
o glasses 381 27 7% Reference

1-3 glasses 2,562 586 23% 3.2 (2.2-4.7)

4-6 glasses 2,255 654 29% 4.1 (2.8-5.9)

> 7glasses 910 306 34% 4.7 (3.3-6.9)

Of eight water samples taken on 6 June, five were col-
lected from Reservoir X and areas supplied by Reservoir
X and were faecally contaminated, while the remaining
three samples from other areas were not. Seven water
samples collected from the distribution system at the
same locations on 9 June, after Reservoir X was taken
out of service on 7 June, were negative for faecal indi-
cator bacteria. One sample taken inside Reservoir X
on 9 June was positive for faecal indicator bacteria,
as were all samples collected in Reservoir X during the
week of the outbreak (until 13 June).

Four of seven water samples were positive
for Campylobacter (7 June). The positive samples had
been taken from Reservoir X, two households and one
school supplied by Reservoir X. Campylobacter jejuni
isolates from cases (n = 24) and water samples (n = 4)
were identical by WGS.*

Environmental investigation

Description of the water supply network

Undernormal conditions, Reservoir X supplies a defined
zone (zone 6) of 1,350 residents. However, before the
outbreak, a valve had been opened from Reservoir X to
ensure replacement of water in response to customer
complaints about the water quality in the area. This
led to a connection between zone 6 and zones 7 and 8
(Figure 1), serving in total 3,558 residents with drinking
water from both Reservoir X and other reservoirs. Zone
6, 7 and 8 were all considered zones affected by water
supplied by Reservoir X and consultations indicated a
higher IR in these zones initially in the outbreak detec-
tion (Figure 3). The valve was closed on 6 June.

Visual inspection of Reservoir X

Reservoir X is a basin constructed as an unlined rock
cavern with an entrance sealed by a locked door.
It holds ca 400 m3 of water and is located above a
residential area in mountainous terrain. The inflow
and outflow of Reservoir X is through the same pipe.
Because of the design of the reservoir, the chosen

sampling location for routine monitoring samples did
not capture the water flowing out of the reservoir.
Potential contamination introduced to the reservoir
would therefore not necessarily not be detected.

During the visual inspection of Reservoir X, we
observed natural cracks located in the back of the res-
ervoir. There were leaks in the concrete construction
and we observed water running from inside the roof. A
large antenna is also located above the reservoir, with
power lines running over the closed cavern, were birds
could potentially gather and increase the risk of bird
faeces contaminating the area below. Although varied
wildlife is reported in the area, we did not observe this
during our inspection of the area.

No unusual malfunctions in the distribution system
were reported before the outbreak. In weeks 21 and
22, three episodes of extreme rainfall (24 May, 1 June
and 3 June) occurred in the area after a long dry period
from 1 April to 20 May. Weather data obtained from
a nearby weather station (Skredderdalen) indicated
heavy rainfall which coincided with registered consul-
tations of gastroenteritis in the Norwegian Syndromic
Surveillance System (NorSySS) (Figure 5).

Outbreak control measures

In addition to issuing a BWA and closure of Reservoir X
(Figure 1), emergency water supply distribution started
on 8 June from water tanks located in public areas such
as school and parking lots, and infection control meas-
ures in public services were strengthened, as a meas-
ure to address the concern in the population.

Discussion

The results of epidemiological, microbiological and
environmental investigations support that contami-
nated water from Reservoir X caused an outbreak
of more than 1,500 cases of campylobacteriosis in
Askgy in June 2019. The triangulation of epidemiologi-
cal, genomic, geographical and water systems data
was essential for confirming the role of Reservoir X in
the outbreak and determining the extent of exposure
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FIGURE 5

Data on rainfall from a nearby weather station and onset of consultations for gastroenteritis registered in the Norwegian
Syndromic Surveillance System (NorSySS), Askey, 1 April-20 June 2019 (n = 948)
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within the community. The rationale for the decisions
early in the phase of the outbreak was based on local
knowledge and mapping of cases rather than epidemi-
ological studies. This observation gave a hint towards
the drinking water supply system as the source to the
outbreak. The use of multiple approaches and use of
mixed methods also allowed us to identify contribut-
ing factors, such as inclement weather conditions,
and ensure that the implemented control measures
had successfully stopped the outbreak. While we were
unable to conclusively determine how the reservoir
became contaminated, the diversity of data sources
used to investigate this outbreak support the hypoth-
esis that environmental contamination through cracks
in Reservoir X most likely occurred during heavy rain-
fall following a long dry period.

Campylobacter has frequently been identified as the
cause of waterborne outbreaks [10,23], often asso-
ciated with heavy rainfall [24,25] and intrusion of
contaminated surface water either into source water
[26-30] or into the distribution network [31,32]. In
2006, a risk analysis of WSS-A pointed out the vul-
nerability of unlined reservoirs established in moun-
tains. Reservoir X was therefore scheduled to be taken
out of service, as a part of long-term precautionary
actions, and replaced by a newly built reservoir in
the area in February 2019, several months before the
outbreak. However, work to connect the new reservoir

www.eurosurveillance.org

was delayed and only a limited number of households
had been connected to the new reservoir at the time
of the outbreak. Given the identified vulnerabilities,
the occurrence of an outbreak under these conditions
was foreseeable [33] and serves as a reminder that the
drinking water is susceptible for contamination at any
time, even during transition phases [5,17]. Continuous
risk assessment, followed by implementation of long-
term precautionary actions, is essential to protect the
drinking water from contamination, while simultane-
ously ensuring day-to-day operation [34].

There was no indication of contamination with faecal
indicator bacteria before the outbreak from routine
sampling conducted on 3 June. This is a common find-
ing in many waterborne outbreaks in which routine
monitoring was neither the source of early detection
nor able to prevent the occurrence of an outbreak [7].
Although traditional routine monitoring conducted by
the waterworks serves an important function in terms
of assessing the performance of the water supply sys-
tem, it does not reliably allow for monitoring imminent
health risks in distribution systems, surveillance of
diseases or prediction of outbreaks [35,36]. To allow
early detection of deviant water quality in the distribu-
tion system, technological advances are being made
in terms of real-time monitoring of water distribution
supply systems. However, it may still be difficult to link
the results to public health monitoring systems and
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operational response [37]. This highlights the need
to focus on water safety planning to protect the water
supply from contamination and to conduct risk-based
surveillance, rather than detecting the contamination
in retrospect [38]. This is particularly relevant when
external risk factors to the water supply systems are
changing, such as unexpected rainfall patterns, and
the existing infrastructure may not be designed to
adapt or is vulnerable because of lack of maintenance
and upgrading.

Timely detection of waterborne outbreaks is crucial in
preventing widespread exposure of the population and
limiting the negative health consequences. Although
the exposure to contaminated drinking water may be
almost instantaneous for the supplied residents, the
detection may be delayed, particularly in large areas
served by the same water supply [17,39], while the
time between exposure and detection may be shorter
in more limited contexts [5]. To overcome delays in
detection that may occur when relying on surveillance
of laboratory-confirmed cases, syndromic surveillance
of real-time (or near to real-time) clinical signs and
symptoms as well as proxy measures [40,41] may be
useful, especially if health data can be linked to water
supply system information [42,43]. In Askgy, the out-
break alert was generated by astute healthcare work-
ers on the evening of 5 June and on 6 June, information
on the geographical distribution of the consulting
patients’ addresses were manually plotted on maps,
demonstrating a link to Reservoir X. Although there
are theoretical benefits of a surveillance system based
on epidemiological indicators, either on an ongoing
basis or triggered by spatio-temporal exceedances it
is unlikely that this would have led to a more timely
detection in Askgy. However, having systems in place
that allow for rapid combined analysis of health and
water systems data may have simplified the investiga-
tion of the outbreak and monitoring of the efficacy of
the control measures.

This investigation has several limitations. Initially,
it was difficult to determine the scale of the rapidly
developing outbreak. Although campylobacteriosis is a
notifiable disease in Norway, only a small proportion
of sick residents were tested and laboratory-confirmed
cases were not reported rapidly enough to follow the
progression of the outbreak. For this reason, consulta-
tions for gastroenteritis were tracked manually through
the GP and OPHS offices on a daily basis for outbreak
monitoring until monitoring with NorSySS was pos-
sible. The SMS-based cohort study corroborated the
onset and duration of the outbreak, but since only
one person in the household was asked to respond on
behalf all members of the family, this may have led to
an underestimation of cases. In addition, the specific
case definition excluded more than 500 people who
reported illness possibly linked to the outbreak. On the
other hand, the widespread media attention may have
affected the results of the SMS-based cohort study
by overestimating illness among the respondents.

However, we chose to use a specific case definition to
avoid including people that were ill for other reasons.

Conclusions

A large waterborne outbreak leading to more than
1,500 cases of campylobacteriosis occurred in Askagy
in Norway in June 2019. Through multiple data sources,
we were able to determine that contamination of drink-
ing water occurred through cracks in a mountain res-
ervoir, probably because of heavy rainfall after an
extended dry period. This is a reminder that water sup-
ply systems, in particular ageing infrastructure, are
generally vulnerable and susceptible to contamination
that may result in an outbreak, especially as external
risks such as climate factors are changing. This inves-
tigation highlights the importance of conducting water
safety planning, updating the infrastructure and per-
forming risk-based surveillance to mitigate risks.

*Author’s correction

On request of the authors, the sentence “Campylobacter je-
juni isolates from cases (n = 24) and water samples (n = 4)
were identical by WGS” was added on 28 October 2020 to
the chapter on the Microbiological investigation.

Acknowledgements

Acknowledgements are forwarded to all involved personnel
in Askgy municipality who assisted during the outbreak in-
vestigations. In particular, this acknowledgements is paid
to Amy Bruvik Naess for accessing health data register, and
Christine Skau Bakke for OPHS data assistance. Otto Kaurin
Nilsen, Jan Ove Vindenes and Geir Ove Haugland for support
under visual inspection of the reservoir, historical data on
system performance of WSS-A and data on water sampling
analysis. Jan Ove Vindenes, Bjarne Heitmann and Ruth Jane
Kjelby for production of maps of WSS-A, plotting of cases,
defining water supply zones and sent out of SMS with link to
the SMS cohort study.

Anke Stiiken and Bea Valcarcel at Norwegian Institute for
Public Health for assistance in setting up the SMS study,
and staff of department of Zoonoses, Food- and Waterborne
Diseases for conducting childcare survey.

The National Reference laboratory for Enteropathogenic
Bacteria (NRL) for performing WGS on human and environ-
mental isolates.

Gry Grgneng at Norwegian Syndromic Surveillance System
(NorSySS) for daily updates and historic data on consultations

Dr. Preben Aavitsland (Norwegian Institute of Public Health)

for critical reading and constructive comments to the
manuscript.

Conflict of interest

None declared.

www.eurosurveillance.org

M) Check for updates


https://crossmark.crossref.org/dialog/?doi=10.2807/1560-7917.ES.2020.25.35.2000011&domain=pdf&date_stamp=2020-09-03

Authors’ contributions

SH participated in the environmental outbreak investiga-
tions and wrote the first draft of the manuscript; Al, BASB
and AB were responsible for the local outbreak management
in Askgy; EM was leading the epidemiological studies during
the outbreak investigations; EA and KN participated in the
outbreak monitoring and epidemiological studies; AS partic-
ipated in the outbreak investigations during pilot interviews;
LTB and UN participated in the microbiological and molecu-
lar outbreak investigations; TML and LVe participated in the
epidemiological investigations and statistical analysis; LVo
was coordinating the outbreak investigations. All authors
contributed to the manuscript, revised it and approved the
final version.

References

1.

10.

11.

12.

13.

14.

15.

World Health Organization (WHO). Campylobacter. Key facts.
Geneva: WHO. [Accessed: May 2020]. Available from: https://
www.who.int/news-room/fact-sheets/detail/campylobacter

Silva J, Leite D, Fernandes M, Mena C, Gibbs PA, Teixeira
P. Campylobacter spp. as a foodborne pathogen: a review.
Front Microbiol. 2011;2:200. https://doi.org/10.3389/
fmicb.2011.00200 PMID: 21991264

Kaakoush NO, Castafo-Rodriguez N, Mitchell HM, Man SM.
Global epidemiology of campylobacter infection. Clin Microbiol
Rev. 2015;28(3):687-720. https://doi.org/10.1128/CMR.00006-
15 PMID: 26062576

Kapperud G, Espeland G, Wahl E, Walde A, Herikstad H,
Gustavsen S, et al. Factors associated with increased and
decreased risk of Campylobacter infection: a prospective case-
control study in Norway. Am ] Epidemiol. 2003;158(3):234-42.
https://doi.org/10.1093/aje/kwg139 PMID: 12882945

Jakopanec I, Borgen K, Vold L, Lund H, Forseth T, Hannula R,
et al. A large waterborne outbreak of campylobacteriosis in
Norway: the need to focus on distribution system safety. BMC
Infect Dis. 2008;8(1):128. https://doi.org/10.1186/1471-2334-
8-128 PMID: 18816387

Sandberg M, Nygard K, Meldal H, Valle PS, Kruse H, Skjerve E.
Incidence trend and risk factors for campylobacter infections in
humans in Norway. BMC Public Health. 2006;6(1):179. https://
doi.org/10.1186/1471-2458-6-179 PMID: 16827925

Mac Kenzie WR, Hoxie NJ, Proctor ME, Gradus MS, Blair
KA, Peterson DE, et al. A massive outbreak in Milwaukee of
cryptosporidium infection transmitted through the public
water supply. N Engl ) Med. 1994;331(3):161-7. https://doi.
0rg/10.1056/NEJM199407213310304 PMID: 7818640

0’Connor DR. Report of the Walkerton inquiry: The events of
May 2000 and related issues: A summary. Toronto: Ministry of
the Attorney General; 2002. Report No.: 0779425588. Available
from: http://www.archives.gov.on.ca/en/e_records/walkerton/
index.html

Widerstrom M, Schonning C, Lilja M, Lebbad M, Ljung T,
Allestam G, et al. Large outbreak of Cryptosporidium hominis
infection transmitted through the public water supply, Sweden.
Emerg Infect Dis. 2014;20(4):581-9. https://doi.org/10.3201/
eid2004.121415 PMID: 24655474

Moreira NA, Bondelind M. Safe drinking water and waterborne
outbreaks. ) Water Health. 2017;15(1):83-96. https://doi.
org/10.2166/wh.2016.103 PMID: 28151442

World Health Organization (WHO). Guidelines for drinking-
water quality, 3rd edition: Volume 1 - Recommendations.
Geneva: WHO; 2004. Available from: https://www.who.int/
water_sanitation_health/publications/gdwq3/en/

Ercumen A, Gruber ]S, Colford JM Jr. Water distribution system
deficiencies and gastrointestinal illness: a systematic review
and meta-analysis. Environ Health Perspect. 2014;122(7):651-
60. https://doi.org/10.1289/ehp.1306912 PMID: 24659576

Nygard K, Wahl E, Krogh T, Tveit OA, Bghleng E, Tverdal A, et
al. Breaks and maintenance work in the water distribution
systems and gastrointestinal illness: a cohort study. Int |
Epidemiol. 2007;36(4):873-80. https://doi.org/10.1093/ije/
dymo29 PMID: 17389718

European Food Safety Authority and European Centre for
Disease Prevention and Control (EFSA and ECDC). The European
Union One Health 2018 Zoonoses Report. Parma: EFSA;
Stockholm: ECDC; 2019. Available from: https://www.ecdc.
europa.eu/sites/default/files/documents/zoonoses-EU-one-
health-2018-report.pdf

Guzman-Herrador B, de Blasio BF, Lund V, MacDonald E,
Vold L, Wahl E, et al. Vannbarne utbrudd i Norge i perioden

www.eurosurveillance.org

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

2003-12. [Waterborne outbreaks in Norway 2003-2012]. Tidsskr
Nor Laegeforen. 2016;136(7):612-6. Norwegian. https://doi.
org/10.4045/tidsskr.15.0114 PMID: 27094662

Guzman-Herrador B, Carlander A, Ethelberg S, Freiesleben
de Blasio B, Kuusi M, Lund V, et al. Waterborne outbreaks
in the Nordic countries, 1998 to 2012. Euro Surveill.
2015;20(24):21160. https://doi.org/10.2807/1560-7917.
ES2015.20.24.21160 PMID: 26111239

Nygard K, Schimmer B, Sgbstad @, Walde A, Tveit I, Langeland
N, et al. A large community outbreak of waterborne giardiasis-
delayed detection in a non-endemic urban area. BMC Public
Health. 2006;6(1):141. https://doi.org/10.1186/1471-2458-6-
141 PMID: 16725025

Jolley KA, Bray JE, Maiden MCJ. Open-access bacterial
population genomics: BIGSdb software, the PubMLST.

org website and their applications. Wellcome

Open Res. 2018;3:124. https://doi.org/10.12688/
wellcomeopenres.14826.1 PMID: 30345391

Cody AJ, McCarthy ND, Jansen van Rensburg M, Isinkaye T,
Bentley SD, Parkhill J, et al. Real-time genomic epidemiological
evaluation of human Campylobacter isolates by use of
whole-genome multilocus sequence typing. J Clin Microbiol.
2013;51(8):2526-34.

Lahti E, Rehn M, Ockborn G, Hansson I, /f\gren J, Engvall EO,

et al. Outbreak of campylobacteriosis following a dairy farm
visit: confirmation by genotyping. Foodborne Pathog Dis.
2017;14(6):326-32. https://doi.org/10.1089/fpd.2016.2257
PMID: 28350214

Lovdata. Forskrift om vannforsyning og drikkevann
(drikkevannsforskriften). [The Norwegian legislation on
water supply and drinking water]. Oslo: Lovdata; 2017.
Norwegian. Available from: https://lovdata.no/dokument/LTI/
forskrift/2016-12-22-1868

Rosenquist H, Bengtsson A, Hansen TB. A collaborative study
on a Nordic standard protocol for detection and enumeration
of thermotolerant Campylobacter in food (NMKL 119, 3. Ed.,
2007). Int ] Food Microbiol. 2007;118(2):201-13. https://doi.
org/10.1016/j.ijffoodmicro.2007.07.037 PMID: 17761333

Braeye T, DE Schrijver K, Wollants E, van Ranst M, Verhaegen |J.
A large community outbreak of gastroenteritis associated with
consumption of drinking water contaminated by river water,
Belgium, 2010. Epidemiol Infect. 2015;143(4):711-9. https://
doi.org/10.1017/50950268814001629 PMID: 25062494

Gubbels SM, Kuhn KG, Larsson JT, Adelhardt M, Engberg J,
Ingildsen P, et al. A waterborne outbreak with a single clone of
Campylobacter jejuni in the Danish town of Kgge in May 2010.
Scand J Infect Dis. 2012;44(8):586-94. https://doi.org/10.3109
/00365548.2012.655773 PMID: 22385125

Bruce-Grey-Owen Sound Health Unit. Waterborne outbreak
of gastroenteritis associated with a contaminated municipal
water supply, Walkerton, Ontario, May-June 2000. Can
Commun Dis Rep. 2000;26(20):170-3. PMID: 11211701

Bartholomew N, Brunton C, Mitchell P, Williamson J, Gilpin B. A
waterborne outbreak of campylobacteriosis in the South Island
of New Zealand due to a failure to implement a multi-barrier
approach. | Water Health. 2014;12(3):555-63. https://doi.
org/10.2166/wh.2014.155 PMID: 25252359

Kuhn KG, Falkenhorst G, Emborg HD, Ceper T, Torpdahl

M, Krogfelt KA, et al. Epidemiological and serological
investigation of a waterborne Campylobacter jejuni outbreak
in a Danish town. Epidemiol Infect. 2017;145(4):701-9. https://
doi.org/10.1017/50950268816002788 PMID: 27903324

Mouly D, Van Cauteren D, Vincent N, Vaissiere E, Beaudeau

P, Ducrot C, et al. Description of two waterborne disease
outbreaks in France: a comparative study with data from cohort
studies and from health administrative databases. Epidemiol
Infect. 2016;144(3):591-601. https://doi.org/10.1017/
S0950268815001673 PMID: 26194500

Kuusi M, Klemets P, Miettinen I, Laaksonen I, Sarkkinen

H, Hanninen ML, et al. An outbreak of gastroenteritis from

a non-chlorinated community water supply. ] Epidemiol
Community Health. 2004;58(4):273-7. https://doi.org/10.1136/
jech.2003.009928 PMID: 15026434

Kuusi M, Nuorti JP, Hinninen ML, Koskela M, Jussila V, Kela
E, et al. A large outbreak of campylobacteriosis associated
with a municipal water supply in Finland. Epidemiol

Infect. 2005;133(4):593-601. https://doi.org/10.1017/
S0950268805003808 PMID: 16050503

Karagiannis |, Sideroglou T, Gkolfinopoulou K, Tsouri

A, Lampousaki D, Velonakis EN, et al. A waterborne
Campylobacter jejuni outbreak on a Greek island. Epidemiol
Infect. 2010;138(12):1726-34. https://doi.org/10.1017/
S0950268810002116 PMID: 20836911

Laine ], Huovinen E, Virtanen MJ, Snellman M, Lumio J,
Ruutu P, et al. An extensive gastroenteritis outbreak after
drinking-water contamination by sewage effluent, Finland.

9

M) Check for updates


https://crossmark.crossref.org/dialog/?doi=10.2807/1560-7917.ES.2020.25.35.2000011&domain=pdf&date_stamp=2020-09-03

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Epidemiol Infect. 2011;139(7):1105-13. https://doi.org/10.1017/
S50950268810002141 PMID: 20843387

Hrudey SE, Hrudey EJ. Published case studies of waterborne
disease outbreaks—evidence of a recurrent threat. Water
Environ Res. 2007;79(3):233-45.

Hrudey SE, Conant B, Douglas IP, Fawell J, Gillespie T, Hill D,
et al. Managing uncertainty in the provision of safe drinking
water. Water Sci Technol Water Supply. 2011;11:675. . Available
from: https://cwn-rce.ca/wp-content/uploads/2014/06/
managing-uncertainty-in-the-provision-of-safe-drinking-water.
pdf https://doi.org/10.2166/ws.2011.075

Rizak S, Hrudey SE. Achieving safe drinking water — risk
management based on experience and reality. Environ Rev.
2007;15(1):169-74.

Rizak S, Hrudey SE. Evidence of water quality monitoring
limitations for outbreak detection. Environ Health.
2007;7(1):11-21.

Storey MV, van der Gaag B, Burns BP. Advances in on-line
drinking water quality monitoring and early warning systems.
Water Res. 2011;45(2):741-7. https://doi.org/10.1016/j.
watres.2010.08.049 PMID: 20851446

World Health Organization Regional Office for Europe (WHO/
Europe). Strengthening drinking-water surveillance using risk-
based approaches. Copenhagen: WHO/Europe; 2019. Available
from: http://www.euro.who.int/en/health-topics/environment-
and-health/water-and-sanitation/publications/2019/
strengthening-drinking-water-surveillance-using-risk-based-
approaches-2019

Widerstrom M, Schonning C, Lilja M, Lebbad M, Ljung T,
Allestam G, et al. Large outbreak of Cryptosporidium hominis

infection transmitted through the public water supply, Sweden.

Emerg Infect Dis. 2014;20(4):581-9. https://doi.org/10.3201/
eid2004.121415 PMID: 24655474

Andersson T, Bjelkmar P, Hulth A, Lindh ], Stenmark S,
Widerstrom M. Syndromic surveillance for local outbreak
detection and awareness: evaluating outbreak signals
of acute gastroenteritis in telephone triage, web-based
queries and over-the-counter pharmacy sales. Epidemiol
Infect. 2014;142(2):303-13. https://doi.org/10.1017/
50950268813001088 PMID: 23672877

Shortridge JE, Guikema SD. Public health and pipe breaks
in water distribution systems: analysis with internet search
volume as a proxy. Water Res. 2014;53:26-34. https://doi.
org/10.1016/j.watres.2014.01.013 PMID: 24495984

Bjelkmar P, Hansen A, Schonning C, Bergstrom J, Lofdahl

M, Lebbad M, et al. Early outbreak detection by linking
health advice line calls to water distribution areas
retrospectively demonstrated in a large waterborne
outbreak of cryptosporidiosis in Sweden. BMC Public Health.
2017;17(1):328. https://doi.org/10.1186/s12889-017-4233-8
PMID: 28420373

United States Environmental Protection Agency (EPA). Water
quality surveillance and response. Washington DC: EPA.
[Accessed: 8 Jun 2020]. Available from: https://www.epa.gov/
waterqualitysurveillance

License, supplementary material and copyright

This is an open-access article distributed under the terms of
the Creative Commons Attribution (CC BY 4.0) Licence. You
may share and adapt the material, but must give appropriate
credit to the source, provide a link to the licence and indicate

if changes were made.

Any supplementary material referenced in the article can be

found in the online version.

This article is copyright of the authors or their affiliated in-

stitutions, 202o0.

10

www.eurosurveillance.org

M) Check for updates


https://crossmark.crossref.org/dialog/?doi=10.2807/1560-7917.ES.2020.25.35.2000011&domain=pdf&date_stamp=2020-09-03

